Brain Scanning in Cerebral Vascular Disease:
• The utility of brain scanning in the differential diagnosis of patients with sudden development of neurological deficit and suspected cerebral vascular disease has received considerable attention. 1 The brain scan has been employed to distinguish vascular lesions from other causes of the stroke syndrome (e.g., intracranial neoplasms, localized cerebritis, demyelinating disease), and in attempts to differentiate thromboembolic and hemorrhagic infarctions. 14 The relationship between brain scan findings and the prognosis for functional recovery after stroke also has been investigated. 5 ' 6 In several previous studies, either a small number of patients were evaluated 2 ' 4 ' 7 9 or radiopharmaceuticals no longer widely used were employed. 3 ' 7> 10 These various reports have often arrived at discrepant conclusions concerning the results of brain scanning in cerebral vascular disease.
2 '
We have reviewed the results of pertechnetate brain scanning in a large group of patients who had undergone careful neurological evaluation in a stroke intensive care unit. We have evaluated the frequency of abnormal scans in relation to time after onset of symptoms, the evolution of scan
Patients and Methods
The study population consisted of 162 patients admitted to the stroke intensive care unit at Barnes Hospital, St. Louis, Missouri, with a diagnosis of cerebral vascular disease during the period from March 1968 to June 1973. The mean age of these patients was 65 years (range 26 to 90 years); 89 (55%) were women. At discharge, the patients were diagnosed as having had a completed stroke, reversible ischemic neurological deficit (RIND), or transient ischemic attack (TIA). Those with a completed stroke had a neurological deficit persisting to discharge or death, while those with a TIA or RIND had a neurological deficit lasting less than 24 hours (TIA) or longer (RIND) but not persisting to discharge. The lesion location was determined by clinical assessment to be within either of the cerebral hemispheres or the posterior fossa. Completed strokes were further designated as either thromboembolic or hemorrhagic according to accepted clinical criteria or at postmortem examination.
A standardized neurological examination rating score sheet, developed by the Washington University Department of Neurology for research purposes, was employed to evaluate the patients (table 1) . Required scoring evaluations were made on each patient upon admission to the stroke service (day 1), then again on days 2, 3, 7, and 14, and at weekly intervals thereafter. A score was also determined on the day of discharge from hospital. The numbers 1 and 119 represent the minimal and maximal scores obtainable for any patient with a disability due to stroke. Any patient who died was automatically given a score of zero on that day. The absolute score for each patient at discharge was expressed as a
BRAIN SCANNING IN CEREBRAL VASCULAR DISEASE
percentage of the maximum score. In addition, the percentage change in the neurological examination rating score from admission to the time of discharge was calculated, and on this basis, each patient was assigned to one of three groups. The scores of patients in group 1 improved by greater than 8%, those in group 2 changed by less than 8% in either direction, and those in group 3 worsened by more than 8%.
Brain scans were performed following the intravenous administration of 99m Tc-pertechnetate (15 to 20 mCi) approximately 20 minutes after the oral administration of potassium perchlorate (1 gm). Anterior, posterior, and both lateral views were obtained approximately 30 minutes later. Most images were obtained with a scintillation camera; some were performed on a 7.6 cm Nal(Tl) crystal rectilinear scanner. Most patients also had selected additional or delayed images.
In the 162 patients, 249 scans were obtained. Most patients had their images performed during the first 14 days following the onset of symptoms. Eighty patients (including 55 of those with completed thromboembolic infarction) had two or more scans. The initial scan was usually performed within the first four days after admission and a later study was obtained during the second week.
The scan images were retrospectively reviewed without clinical information by one of us. The area of abnormality was graded in relation to superior sagittal sinus activity as described by Usher and Quinn. 6 The additional yield of delayed images was determined. The brain scan results were compared with clinical diagnoses, time after onset of symptoms, discharge neurological scores, and degree of neurological recovery or deterioration.
Results
Of the 162 patients included in this study, 32% had abnormal scans at some time during their hospital course (table 2). Thromboembolic infarction was the most common diagnosis (141/162). In the majority of these patients (105/141), the lesion involved the cerebral hemispheres. Brain scans were abnormal in 33% of patients with thromboembolic infarctions, including 39% (41/105) of those with hemispheric lesions and 14% (5/36) of those with posterior fossa lesions. All four patients with cerebellar infarctions had abnormal scans, whereas only 1 of 32 patients with brainstem infarction had an abnormal scan. Seven patients had hemorrhagic infarctions and three (43%) of these had abnormal brain scans. Of the 14 patients with either a TIA or RIND, two had abnormal scans.
The relationship between the frequency of abnormal scans and the time interval after cerebral thromboembolic infarction is shown in table 3. In the first two days after onset of symptoms, 27% of patients had abnormal scans. Abnormal scans were obtained in 33% of patients studied between the third and sixth day, in 38% between the sixth and tenth day, and in 52% after the tenth day.
Serial scans were obtained in 55 patients with completed thromboembolic infarctions (table 4). The most frequently observed pattern was for both early and late scans to be normal. In patients who had an abnormal scan at some time during their course, the early scan was more often abnormal (18/28) than normal. The classically described pattern of a normal early scan and an abnormal late scan was seen in only 18% of the 55 patients. A few patients had scan abnormalities on the early study which had resolved by the time of the second study.
There was wide variation in the intensity of abnormal scan foci at different times after infarction. However, all of the 17 patients who had abnormal scans within the first two days after infarction exhibited low intensity foci (less than sagittal sinus). Furthermore, lesion intensity generally increased as a function of time interval after infarction. In the 13 patients with both early and late serial scan abnormalities (table 4), the lesion intensity was greater on the late scan in 11 patients and unchanged in two.
The effect of delayed imaging on the final scan interpretations in 62 patients is shown in table 5. The delayed images confirmed the initial scan interpretation in 71% of the cases. When both initial and delayed scans were abnormal, the lesion was generally more clearly seen and more intense on the delayed views. In 19%, the initial images were equivocal and the delayed images were normal. In 10%, an abnormality was detected only on the delayed images. Delayed images were performed on 28 patients scanned within the first two days of infarction; in this subgroup the yield of delayed imaging was nearly identical to that observed in the total group.
In the patients who died or had a significant neurological deficit at discharge (< 80% of maximal possible score), 44% had an abnormal scan at some time during their hospitalization (table 6 ). This is in contrast to those with lesser residual deficits (> 80% of maximal possible score) in whom only 25% had abnormal studies (x 2 = 6.23, P = 0.002). The severity of the residual neurological deficit was not significantly related to the presence of an abnormal scan within the first 48 hours after infarction or within the first week. Also, there was no correlation between neurological deficit and lesion intensity in those patients with abnormal scans.
The overall frequency of abnormal brain scans was not significantly correlated with a change in the patient's clinical status from admission to discharge (table 7) , but the frequency of abnormal scans within the first 48 hours after onset of symptoms was higher in patients in group 3 than in those patients in either group 1 or group 2.
Discussion
Previous investigators have reported a 20% to 40% incidence of abnormal brain scans in patients with cerebral infarction studied during the first week after onset of symptoms. 4 ' 8~13 Our findings are in agreement with those previously reported in that 35% of our patients had positive scans during the first week after thromboembolic infarction. Most of the earlier *Each arm and leg tested and rated separately and results added for total score. fEach arm, leg, and half face tested and rated separately for primary sensory and results added for total score. Each arm and leg tested for secondary sensory and results added for total score.
reports have not provided data on the incidence of scan abnormalities during the first two days after onset of symptoms. However, it is generally believed that the vast majority of brain scans will be normal during the first few days after infarction.
14 Our results are not in agreement with this belief; 27% of the scans in our patients were abnormal in the first two days after infarction. This finding cannot be attributed to the improved yield of delayed imaging since we encountered only 3 of 28 patients with initially normal scans and abnormal delayed scans during the first 48 hours.
The peak incidence of abnormal scans in patients with cerebral infarction is 60% to 80% and occurs between 14 and 28 days after the onset of symptoms. 4 We found 52% positive scans in patients imaged more than ten days after infarction and 75% positive scans in a small number of patients studied after 14 days.
In patients with thromboembolic infarction, the overall incidence of abnormal scans was less when the lesion was in the posterior fossa (14%) rather than in the cerebrum (39%). Of the five abnormal scans in patients with posterior fossa infarction, four were in patients with cerebellar infarction; all patients with this diagnosis had abnormal scans. In contrast, of 32 patients with the clinical diagnosis of brainstem infarction, only one had a positive scan. It is noteworthy that this patient had angiographical evidence of occlusion of several vessels in the posterior fossa. These findings are similar to those we have previously reported in a smaller group of patients with posterior fossa infarction. 15 In those patients with thromboembolic infarction and abnormal scans, the abnormalities generally could be localized to one of the major vascular distribution territories. Most of the abnormalities occurred in the distribution of the middle cerebral artery, as expected.
-
12 ' 16 Only a few abnormalities were seen in the territories of the anterior or posterior cerebral arteries.
In patients with intracerebral hemorrhage, the brain scan abnormality often crosses vascular distribution territories.
2 Early investigators reported a high incidence of abnormal scans in patients with intracerebral hemorrhage. Ojemann et al., 3 in a review of the literature, found a 64% incidence of abnormal scans. Oeconomos 11 and Overton et al. 7 found even higher percentages of abnormal scans in patients with hemorrhage. Tow et al. 4 found 10% positive scans in the first week, 60% in the second week, and 100% (two patients) during the third and fourth weeks after cerebral hemorrhage. More recently, Sharma and Quinn 2 found that only one of nine patients with cerebral hemorrhage confirmed at autopsy had had an abnormal brain scan. The 43% incidence of abnormal scans in our patients is intermediate in the wide range encountered by others. The number of patients with this diagnosis in our series is too small to reach any firm conclusions. This no doubt reflects the practice in our institution of performing angiography early during hospitalization in patients with suspected cerebral hemorrhage. Many such patients do not undergo brain scanning prior to death or surgical intervention.
In patients with transient ischemic attacks, the brain scan is generally normal. 12 ' 17 Ojemann et al. 3 reported that 2 of 15 patients with a diagnosis of TIA had abnormal scans. This is similar to our results; we found abnormal scans in 2 of 14 patients with either a TIA or RIND. A completed infarction occurred in one of these two patients 24 days following the TIA. In these patients, it is possible that a small infarct producing an abnormal scan may have been associated with rapid resolution of a neurological deficit. Alternatively, a "silent" infarction may have been present with a superimposed transient ischemic attack. The clinical diagnosis of TIA should be questioned if an abnormal brain scan is obtained.
In the patients with completed hemispheric thromboembolic infarctions who underwent serial scanning, the incidence of abnormal scans and the intensity of the abnormalities increased with time after infarction. Of the 55 patients with serial scans, 27 had normal scans both early and late. Thirteen patients had abnormal scans both early and late while, in- terestingly, five patients had an abnormal early scan with a normal late scan. Only 10 of the 55 patients demonstrated the findings typically described in infarction, namely, an early normal scan which becomes abnormal at a later time.
In most cases (71%), delayed images confirmed the initial impression that the scan was either normal or abnormal. However, 10% of scans were abnormal only on the delayed views. In the remaining 19%, the delayed images were normal and failed to confirm equivocal findings seen on the initial views. In those cases where the delayed images confirmed an abnormality seen on the initial views, the abnormality was generally better delineated on the delayed views. Ramsey and Quinn 18 have reported similar findings. In their overall series of brain lesions, few abnormalities were detected only by delayed imaging; only 2 of 18 cerebral infarcts had normal initial scans and positive delayed views. These authors also suggest that the improved yield due to delayed brain imaging might explain the discrepancy in several reports concerning the frequency of positive scans during the first week after infarction. As indicated previously, our results do not support this contention.
Our results demonstrate that the likelihood of obtaining a positive brain scan at some time during the hospital course is directly related to the severity of the residual neurological deficit. These findings are similar to those reported by Gutterman and Shenkin. 5 In contrast to their findings, however, we did not confirm that an abnormal brain scan obtained during the first week after onset of symptoms was related to residual neurological deficit. This relationship JDifference not statistically significant. between the scan positivity and residual deficit is most likely a function of lesion size. In contrast, the degree of recovery or deterioration was not significantly related to the incidence of abnormal scans. In part, this may be related to the fact that those patients with the lowest initial scores (and hence the most severe neurological deficits) generally showed the most percentage improvement. In addition, rating scores per se did not distinguish among the sizes or locations of the offending lesions. Usher and Quinn 6 noted that prognosis is generally worse with increased intensity of the scan abnormality and in those cases where the brain scan lesion continued to increase in intensity after two weeks. We were unable to confirm these findings.
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In summary, our experience with brain scanning in patients with cerebral vascular disease is in general agreement with previous reports. However, we did find a greater incidence of scan abnormalities during the first two days after infarction than has been previously reported. The finding of an early positive scan has been said to help in the distinction between infarction and other intracranial lesions presenting with sudden onset of neurological symptoms; our results suggest that this criterion should be cautiously applied. However, as noted, when the brain scan is positive within the first two days, the abnormality is poorly defined and of low intensity; in contrast, in our experience those patients with cerebral tumors or abscesses who present with sudden neurological deficits frequently have marked positive scans with welldefined intense foci of increased radiopharmaceutical concentration. Brainstem infarction rarely results in an abnormal brain scan while abnormal scans are found at least as often in cases of cerebellar infarction as in patients with hemispheric lesions. Although scan findings are related to prognosis, it should be clear from our results that the presence or absence of a scan abnormality will be of little predictive value in the individual patient.
